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M. A. Massengale
Vice Chancellor

Exciting Events. • •
The close of a school year is always an exciting
and inspiring time on our campuses. But this spring,
there were two special events on East Campus that
were equally as inspiring as commencement exercises.
On April 19, we rededicated the poultry science
building, naming it Mussehl in honor of Dr. Frank E.
Mussehl, former chairman of IANR's Poultry Science Department.
Dr. Mussehl served the university and the people
of Nebraska for 40 years before his retirement in
1957. His professional abilities as a teacher, a scientist, and an administrator played a major role in
the development of Nebraska's poultry industry.
Many of his research accomplishments laid the
groundwork for knowledge and techniques that are
in use today.
It is highly appropriate that Mussehl Hall bears his
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name. Dr. Mussehl is an example of the highly
qualified and dedicated people we are fortunate to
have in all IANR departments.
Also in April, we observed the dedication of the
recently completed veterinary science diagnostic
and research complex. The completion of the complex, which includes the veterinary diagnostic center, a basic sciences building, an animal research
facility, a sewage sterilization plant and an animal
holding facility, is another example of how the dedication and hard work of our staff pays dividends to
the people of Nebraska.
The effort to improve our veterinary science
facilities for our teaching, research and extension
activities, began in 1968. Many people, off-campus
as well as on, were involved in that effort.
Both of those events clearly point out that one of
the greatest resources we have is a capable and dedicated faculty.
I am pleased to report that others, too, recognize
the merits of our staff. The January 15, 1979, issue of
The Chronicle of Higher Education carried a summary of a survey of more than 4,000 faculty members at four-year colleges and un iversities. Respondents were asked to "name the five departments
nationally in your discipline that have the most distinguished faculties," in order of their importance.
The report lists those departments that were rated
among the top five by at least 10 percent of the
respondents. Nebraska's program was one of 15
listed under "Agriculture and Forestry." No other
unit of the University of Nebraska was listed, and
only one other Big 8 school appeared.
The fine record of service to the people of Nebraska by IANR's faculty is the result of the dedicated work of many capable people.
EDITOR ................................ Pamela Ury Schmidt
Artist ........................................ Eloise Wilson
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CRACKED EGGS
Are No Yolking Matter
By Earl W. Gleaves
The poultry industry is seeing
more and more mechanization of
egg production. However, increased
pressure from laying cages, conveyor belts, egg processing equipment and handling of egg cartons
makes it more difficult for the egg to
reach its final destination with an
unbroken shell.
When all handling of the egg was
done by hand, breakage was about
1112 to 2 percent of the total eggs
produced. With our modern methods, however, extreme care must be
taken to limit breakage to 4 or 5 percent. At times in specific operations,
breakage can run up to 15 percent.
The average is about 8 percent.
Total losses and reduced returns
from cracked eggs in Nebraska is
now estimated at $1,300,000 a year.

Nationally, the loss runs into the
hundreds of millions.
A problem of this magnitude has
received attention from many researchers, but even with all the research, the solution is elusive. Experiments' conducted all over the
country, including Nebraska, have
shown that egg shell quality is influenced by nutrition, disease, strain of
bird, housing system, number of
eggs being laid, length of lay (age),
temperature and physiological
mechanisms.
Nebraska research has been
primarily in the nutrition area. Even
in the specific area of nutrition related to egg shell problems, experimental results have varied. Nebraska
research has shown that it is better to
express requirements for nutrients
important in egg shell quality on a

dai Iy nutriellt intake bas is, rather
than as a percentage of the ration.
Animals eat food to supply themselves with nutrients, and it is the
quantity of each nutrient used by the
animal that determines productivity.
Therefore, nutrient requirements
should refer to the animal and not to
the food. The daily intake of calcium
depends on the quantity of food
eaten and the percentage of calcium
in the ration. A daily intake of 3.75
grams of calcium has given the best
results, and we have found essentially the same results from three
different experiments.
The problem becomes one of getting the hens to eat 3.75 grams of
calcium per day. Laying rations are
formulated on a percentage basis,
and if the requirements are expressed on an intake basis, it means
that accurate feed intake records
must be maintained and used if the
hens are to consume 3.75 grams of
calcium each day.
Intake Varies
Variations in dietary energy level,
summer and winter temperatures,
disease, age and strain of hens all
cause variations in the amount of
feed eaten. It is not uncommon for
feed intake to vary from 18 to 27
pounds (8-12 kg) per 100 hens per
day (Table 1). With a calcium level
of 3.5 percent in the feed, hens eating 18 pounds (8 kg) per 100 would
consume only 2.86 grams of calcium, while those consuming 27
pounds (12 kg) of feed with the same
calcium level would have a daily
calcium intake of 4.29 grams. Feed
intake records with the percentages
of nutrients it contains, can be used
to continually (at least every three or
four weeks) change the calcium
level in the feed to overcome the
normal changes in feed intake. Hens
eating 21 pounds (9.5 kg) per 100
will consume 3.81 grams (slightly
over minimum of 3.75 grams) of calcium per day when the calcium
level of the feed is 4.0 percent. If
consumption is 24 pounds (10.8 kg)
per 100, the calcium level of the
feed needs to be reduced to 3.5 percent to achieve essentially the same
3.8 grams per day intake. It is better
to be slightly over the requirement
than to be under it.
(Continued on next page)
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The Animal Science Department of the Institute of Agriculture and Natural Resources has an electronic egg that helps producers find the rough
spots in their equipment. The egg lights in spots where the equipment needs adjustment.

Eggs ...
Research at other experiment stations has shown that 0.4 grams of
phosphorus and 250 International
Units of vitamin D3 per hen per day
are also required for production of
the best egg shell.
We have found most shell quality
problems occur with older flocks
during the summer months. The real
challenge becomes one of properly
managing nutritional knowledge
during these times. At the point of
initiation of lay until 36 to 40 weeks
of lay, feed intake normally will not
vary much. As the birds age and
shell quality declines, calcium,
phosphorus and vitam in D in the
feed will need to be increased.
These nutrients will need to be increased again when the hens reach
55 to 60 weeks of lay. If summer or
winter comes in the middle of either
of the last two age brackets, another
increase or decrease may be necessary. A minimum program of nutrient level changes would be three
with the possibility of the number
reaching five.
Our research has shown that supplementation with extra calcium in
the form of granules or flakes will
4

consistently improve egg shell quality. However, this becomes a problem when automatic feeding equipment is used. These calcium supplements are very abrasive and
speed the breakdown of the equipment.
Hand feeding the supplement in
the evening hours (after 5 p.m.) will
reduce the wear on the equipment
but increases labor demand. Evening
supplementation is suggested because it has been found to improve
shell quality more than morning
supplementation. We found too, that
egg production was improved by
feeding a coarse form.
Several Factors
As mentioned earl ier, several
factors are involved in egg breakage.
The Animal Science department has
an electronic egg that can help producers find places in their equipment that are being too rough and
causing cracks. This egg can be run
through egg handling equipment just
as a normal egg would travel. When
the going gets rough, it lights up and
tells you which spots in the equipment need adjustment.

Table 1. Daily calcium intake per hen with
two different levels in the feed.
Feed intake per

100 hens f?:er da~

Calcium intake
at 3.5% of ration

Calcium intake
at 4.0% of ration

(Ibs.)

(kg)

(g)

(g)

18
19
20
21
22
23
24
25
26
27

(8)
(8.5)
(9)
(9.5)
(10)
(10.5)
(10.8)
(11.2)
(11.7)
(12)

2.86
3.02
3.18
3.34
3.50
3.65
3.86
3.97
4.13
4.29

3.27
3.45
3.63
3.81
3.99
4.18
4.36
4.54
4.72
4.90

Unfortunately, none of these
findings taken singly will solve the
modern egg breakage problem. It is
a complex problem that generally
requires several
management
changes to improve shell quality.
We have found some answers, however, and if we can reduce egg
breakage by half-to 4 percent-by
implementing these answers, it will
save Nebraska producers and consumers $650,000 per year.D
EARL W.
cialist.

GLEAVES

is extension poultry spe-
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Dr. Nelson measures the microwave dielectric j
calculations, a computer program was develope1
measurement technique. The program has been
States and around the world.

RESEARCH
By Stuart O. Nelson,
LaVerne E. Stetson, and
Carl W. Schalphoff
Chemists in England, engineers in
Warsaw, a scientist in Australia, and
electrical engineers in Iowa and
Montana. What do these widely
scattered people have in common?
All these-and many more are receiving spinoff benefits from agricultural research done at the University of Nebraska's Agricultural
Experiment Station.
In 1969, information was needed
for a USDA/Nebraska cooperative
research project on controlling
stored-grain insects with radio frequency energy. Data were needed
on the microwave dielectric properties of insects and grain (dielectric
means that a substance supports an
electric field but does not conduct
electricity well).
A suitable method was selected
for measuring these properties and
the necessary techniques were developed, but the calculations were
tedious and time-consuming.

Contact with the leading U.S. laboratories in microwave dielectric
properties measurement revealed
that no computer program had been
developed to handle the necessary
calculations. Simplified programs
were available for measurements on
relatively good insulating materials,
but no one had programmed the
complex calculations necessary fOI
measurements on such materials a~
insects and grain that absorb energy
readily from microwave fields.

General Program
With a listing of a simplified program obtained from the Georgia
Tech Engineering Experiment station
as a starting point, we began to develop the required computer program. Two years later, after a sequence of concentrated effort, interruptions, disappointments, and
triumphs (all well-known to computer programmers), we succeeded
in developing a very general program. The program took into account many details of precise measurements that usually were neglected, and it incorporated provisions for different kinds of

Don't throwaway those grass clippings. Air dried clippings have many uses.

Save Those Clippings!
By R. C. Shearman
Your lawn clippings are good for a
lot more than just the garbage bag.
In fact, your lawn-instead of being
a chore--could well become one of
your best summer friends.
There are several possible uses for
lawn clippings. When you mow at
the proper frequency the clippings
can be left on the lawn without contributing significantly to thatch accumulation.
Thatch is the organic debris that
develops between the soil surface
and the zone of green vegetation. It
is made up of materials such as lignin, cellulose and hemicellulose.
The lower parts of a turfgrass
plant-the sheath, root and rhizome-contain significant amounts
of these materials and they break
down slowly. Leaf (top part) clippings, however, contain very little
lignin or cellulose, so they break
down rapidly, contributing little to
thatch buildup.
Studies at the University of Nebraska have shown that the mowing
height and the cultivar (variety) of
turfgrass are more critical to thatch
accumulation than whether clip-

pings are removed or returned to the
lawn. So, whenever possible, it is
best to return clippings to the lawn.
Clippings recycled this way can return nutrients to the lawn as they
break down. These clippings may
contain as much as 3 to 6 percent
nitrogen. Even some lawn fertilizers
contain no more than 6 percent nitrogen. As turfgrass clippings break
down in the turf canopy, nitrogen
and other nutrients are given back to
the plant system. If you mow 20
times per season, the amount of nitrogen applied to the lawn can be
reduced by 20 to 30 percent by simply recycling clippings.
If the homeowner chooses to remove clippings or if an adequate
mowing frequency cannot be maintained, it still is not necessary to discard lawn clippings. Clippings make
an inexpensive and efficient mulch
for flower beds, gardens, shrubs and
trees.
In recent studies at our research
facilities in Mead, turfgrass clippings
were better than oat straw for improving plant quality and growth,
reducing soil temperatures, decreasing water vapor loss, and pre-

Studies have shown that oat straw mulches (foreground) produced inferior plants when compared with grass clippings or alfalfa hay mulches (background).

Grass clippings can also be composted (above). Composted clippings break down to help
improve soil conditions. Using grass clippings for mulches (foreground of photograph below)
can reduce competition from weeds and produce superior plants compared with plants grown
in oat straw or without mulch (background).

venting weed problems. If grass
clippings are saved for mulching,
scatter them in a small area to air dry
and turn them several times in a two
to three-day period. Once air-dried,
clippings make an excellent mulch.
They modify temperature extremes
and help maintain soil moisture.
Clippings from the first mowing in
the spring can be used as a mulching
material. They have already been
air-dried by winter winds and are
ready to be used as a mulch immediately.
Grass clippings can also be composted . The composted clippings
can then be used to improve soil
conditions around flowers and in
gardens . In fact, clippings can be
spread over the garden area and ti lIed into the soil. This is especially
effective when done in the fall. The
recycled clippings break down, release nutrients to the soil and add
organic matter which improves soil
conditions, especially in heavy clay
soils.
Commerc ial operations, such as
sod producers, have even used clippings as animal feeds. Pelletized
clippings make good poultry and
small animal feed. The digestibility,
protein levels, xanthophyll content
and mineral elements are comparable to high quality vegetable origin
feeds that are commercially available. They have been used as bedding material for laboratory animals.
Water and ammonia absorption,
odor abatement, and appearance of
pelletized Kentucky bluegrass clippings are also quite good.
Feed-stuff cI i ppings must be carefully selected to be free of pesticides
that are not cleared for feeding to
grazing animals. Close monitoring of
nitrate levels is also important. However, clippings can be a valuable
protein source for animals capable of
digesting plant fiber.
So this summer and next spring,
when the drudgery of mowing your
lawn and transferring clippings to
gargage bags begins, think twice!
They can be recycled, or they can be
used as a mulch to reduce some of
that back-breaking hand weeding in
the garden and flower beds.D
R. C. SHEARMAN is turfgrass speciali st, department of horticulture.
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creased agricultural exports offer the
most obvious potential for further
relief of thi s problem . The greatest
potential for increasing our exports
lies in the very underdeveloped
countries, where population growth,
hunger and poverty problems are
concentrated. In order to become
customers for our production , these
countries must first develop their
own resources and econom ies.
However, they need technical help
to do so-techn ic al assistance of
many types, but primarily agricu ltural.
But will technical ass istance for
agricultural development increase
competition for
farmers? The
overwhelming evidence is that it will
not.
World markets have developed as
populations and incomes have increased. European countries and
Japan are examples of major markets
which resulted from coope ration
and assistance after World War II.
Highly efficient and co mpetitive
producers in the
and Nebraska
have little to lose and a lot to gain
from providing technical assistance
to developing countries.
Whether we view it in cold commercial terms or in a humanitarian
vein, the conclusion is largely the
same. There is no way to meet the
growing world demand for food unless we help countries with food
shortages develop their own resources. The world is adding 70 million persons per year (or adding the
population of Nebraska every week) .
Developed countries such as ours
have neither the productive or financial capacity to meet this demand in the future. Even if we doubled our production by the year
2000, we would be able to supply
only 25 percent of the food need.
This means we must help developing countries become participating
partners in production, consumption
and trade .
Agricultural states such as Nebraska have a particularly large stake
in international development, trade,
cooperation and understanding . It is
important now and will become
even more so. It is logical then that
the Institute of Agriculture and Natural Resources, in fulfilling its mission of serving Nebraskans, partici-

u.s.

IANR Reaches Out,From Nebraska to the World
By R. W. Kleis
Nebraskans may not see their state
as being a part of the international
scene-but they should! The good
life we are privileged to enjoy depends a great deal on many international functions. This is particularly
true with agriculture, Nebraska' s
primary industry, and the Institute of
Agriculture and Natural Resources is
going to bat internationally for Nebraska's interests.
We no longer have the option of
being self-sufficient as we once
were . A third of our agricultural production is exported and we have a
critical and increasing need for bigger export markets. With more reliance on key production imports
from other countries, the public is
coming to better understand our international interdependencies.
In addition to agricultural production, Nebraska's agriculturally related manufacturers are developing
more and more international market
8

participation. Irrigation systems from
Nebraska are sold around the world.
At the same time many " domestic
named " tractors and combines on
Nebraska farms are actually imported. The agricultural international trade situation is much more
complex than exporting grain and
importing oil, as important as these
are.
American agriculture is universally recognized and envied for its
sophistication and productivity. This
great asset of our state and country is
importantl y related to many of the
severe current problem s, suc h as
balance of payments; population
growth and shifts; political stabi lity;
food for the 35 percent of the
world 's people who are malnourished or hun gry ; energy and
economic improvement for the 60
percent earn ing less than $200 a
year.
Our agricultural exports have
been the brightest spot in the balance of payments situation . In-

u.s.

pate in the international aspects of
agricultural technology, education
\ and application.
Recent federal legislation provides
programs and funds for putting the
land-grant
capabilities of the
universities to use more effectively
in international food and agricultural
development. The IANR of the University of Nebraska is actively involved in three main areas of this
legislation.
1) Cooperative Research Programs
are being developed in certain
fields. A high priority is given to sorghum and millet research areas, in
which the Nebraska Agricultural Experiment Station has an outstanding
record. Nebraska has been selected
to lead a large grant-supported
cooperative research program involving eight major land-grant universities and several foreign institutions. This will greatly reinforce our
domestic research and support our
international cooperation.
This concept is not completely
new. Nebraska researchers have had
extensive international grant support
for many years. The productive research programs in sorghum, wheat
and corn have all benefited from this
support and from access to new
technology, germplasm and international testing results. These inputs
have been involved in varieties of
crops now extensively used in Nebraska. But, th is new program is
broader based, longer term and better supported.
additional
international
As
cooperative research programs are
activated, we expect to participate in
those which have relevance to our
agriculture: beans, corn, beef and
human nutrition.
2) International Agriculture Programs Development on campus is
another area of support provided by
the new legislation. The IANR of the
University of Nebraska is one of 18
institutions which has been approved for a grant in this category.
The grant provides $500,000 over
five years to support development of
international agriculture courses,
staff development, distinguished
visiting scientists, student travel, international research development,
special seminars and international
agriculture workshops.

u.s.

'.

The IANR is participating in assistance projects for agriculture in underdeveloped
countries. This not only helps the countries
involved, but it also enhances the teaching,
research and extension roles of the Institute
in Nebraska.

Of particular benefit will be the
internationally broadened educational opportunities for Nebraska
students. Our students deserve an
educational opportunity which will
help them deal with the international arena in which agriculture is
today operating. This includes those
students who will be involved in
production operations and become
agricultural leaders in the state.
Furthermore, they deserve to be
taught by staff who understand the
broad geographic aspects of modern
agriculture. Thus, staff development
and involvement is an important part
of this grant-supported program.
3) Technical Assistance for Agricultural Development in underdeveloped countries is a third segment
of the federal support. Such projects
will be specifically contracted by
either the receiving country or by the
government. The IANR is currently involved in developing
selected projects as they relate to our
strengths, interests and domestic
missions. Most such projects are engaged cooperatively by a four-state
(Nebraska, Kansas, Missouri and
Iowa) consortium of agricultural
units of the land-grant universities.
Such cooperation provides a broad
experience base with distributed
staffing requirements.
This experience base will not only
serve the developing countries but
will in turn enhance the teaching,
research and extension roles of the
IANR in its mission for Nebraska.
These three federal program areas
are separate but they are mutually
reinforcing. This is the primary feature and concept of the new

u.s.

legislation-to strengthen the U.S.
institutions involved rather than to
exploit them.
There are several other elements
of active international programming
in the IANR. Foreign student enrollments have increased steadily to
about 175, even as total enrollments
in agriculture have increased. This is
about 7 percent of the total student
body in agriculture, although it is
more heavily represented in the
graduate student segment. The ratio
may not change but a broader group
of source countries will likely develop.
The IANR, as a major agricultural
institution, attracts many foreign scientists for visits ranging from a day
or two to several months. This is very
beneficial exposure for IANR staff
and students, and hopefully benefits
the visitors too. We also receive
many officials as individuals or
groups representing foreign governments, institutions or organ izations.
I n the past year such visitations totaled approximately 200 from some
40 different countries.
The IANR staff cooperates with
many general public international
activities ranging from people-topeople exchanges to international
travel groups.
International youth exchange programs (two way) are programmed
through the youth programs component of the Cooperative Extension
Service.
As Nebraska state agencies and
industries become more active in the
international arena, the IANR in its
cooperation and service roles is assisting them with technical assistance.
Nebraska has much to offer and
much to gain through active participation in world food and international agriculture arenas. The IANR,
in order to serve effectively, is also
engaging the international dimension.
U.S. agriculture as a whole has
both an obligation and opportunity
to participate in international efforts
to reduce malnutrition and poverty
and to enh'ance understanding and
cooperation for mutual benefit.D
R. w. KLEIS is dean and director of International Programs for the IANR.
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WATER . ..

Rainbarrels
and
Reservoirs . • •
Water Storage
in Nebraska

What would we do without it? It's as important today as it
was to the pioneers who crossed Nebraska years ago.
We use it to drink, to bathe in, to water our lawns and irrigate
our crops. We also use it for recreation. Mother Nature has
her own uses for water.
The article about water storage on this page is one of four
stories in this issue on this very important Nebraska resource.
Following are articles about irrigation costs, the destinations
of the weed seeds which often float on and in the water, and
one about the water table in Nebraska.
By Vincent H. Dreeszen
and Deon D. Axthelm
The rainbarrel, the cistern, the
cookstove reservoir and the dug well
were important to the water supply
in the settlement of Nebraska. Water
from the rains and melting snow
were stored in the rainbarrel and the
cistern for later household use. The
cookstove reservoir provided an indoor supply of warm water.
Because of their large diameter,
dug wells provided not only a source
but also storage for drinking water.
That chapter of water supply and
storage is now history, but the lesson
is timeless: storage is the key to our
water supply.
Reservoi rs that store water vary
greatly in type and characteristics,
and can be natural or man-made.
Many of us view water impoundments-such as lakes and
ponds and city storage tanks-as the
major water-storage facilities in Nebraska. Although important, these
facilities-in terms of total quantity
of water stored-are minor compared with the huge supplies of
water stored in a soil-moisture reservoir, in a groundwater reservoir, in
natural lakes and marshes, and in
stream channels. The challenge of
water management is to combine
the use of these water supplies for all
purposes.
Although crop choice and soilmoisture management are important
to agriculture, Nebraska's relatively
strong and stable agricultureeconomic base has been achieved
by diverting water from stream
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channels, by constructing dams to
store runoff for later use, and by
pumping from wells. Drought in
1859 and the early 1860s spawned
the first irrigation in the state. That
irrigation was from direct flow of
streams.
However, the drought of the
1890s demonstrated the limited
capability of streams-that is, the
limited storage of stream channels-to supply sufficient water for
increasing needs. In addition to state
legislation to allocate our precious
surface-water resource, meetings
were held at local, state and national
levels to discuss storing water in
surface reservoirs in wet years and
during periods of high runoff, for releasing water during the irrigation
season, and for drawdowns of reservoir storage to meet irrigation needs
during the dry years. Congress recognized these needs by passing the
Reclamation Act of 1902, which
created the agency that later became
the U.S. Bureau of Reclamation.

North Platte Basin
Authorized in 1903, the North
Platte Project in Wyoming and Nebraska was the second project to be
built under the Federal Reclamation
Act. Pathfinder Dam was constructed in Wyoming on the North
Platte River in 1909. It stores mountain snowmelt which formerly
flowed rapid Iy across Nebraska each
spring and occasionally had contributed to flooding on the Platte
River.
Lake Alice (1913) and Lake Minatare (1915) in Nebraska and the

Guernsey Reservoir (1927) in
Wyoming were the next storage
features constructed as part of the
project. Later additions to reservoir
storage on the North Platte in
Wyoming are Alcova (1938),
Seminoe (1939) and Glendo (1957).
A number of private irrigation
ditches in Nebraska receive water
from storage in Pathfinder and
Glendo reservoirs.
The significance of water storage
(about 3 million acre-feet or 3.7
billion cubic meters) in the North
Platte River basin in Wyoming is
fully appreciated in Nebraska only
in the western part of the state,
where it provides water for irrigation
and power production. However, it
is highly important to Platte River
valley residents in central and eastern Nebraska also, because the
river's flow now is much more dependable than it used to be.
Several early private irrigation developments incorporated storage
features. Oliver Reservoir (1911) and
Bennett Reservoir (late 1920s) were
built on Lodgepole Creek, but
neither now functions for irrigation
storage. In 1923, Whitney Reservoir
was constructed on a tributary of
White River.
Tri-County Project

The Nebraska Legislature in 1933
provided for the formation of Pub I ic
Power and Irrigation Districts. Federal grants and loans from the Public
Works Administration were used
under this act to finance construction of Lake Maloney and the
Sutherland Reservoir in 1935 and
Lake McConaughy and Jeffrey and
Johnson Reservoi rs in 1941. Construction of Elwood Reservoir on
Plum Creek was completed in 1978
as part of the "Tri-County Project./I
Lake McConaughy, the largest of
these reservoirs, was conceived in
the 1890s but required more than 25
years of intensive effort and extensive controversy before it could be
completed. It provides water not
only for hydroelectric power and
new irrigation, but also a firm supply
for those holding senior rights to divert water for irrigation.
Groundwater recharge was an
unplanned but equally important
aspect of the reservoirs in the Ne-

braska part of the Platte River drainage basin.
Storage in the groundwater reservoir has supported intensive withdrawal from irrigation wells in Dawson County without declines; has
provided huge reserves in the form
of groundwater mounds and recharge to irrigation wells in southwestern Lincoln County and Gosper,
Phelps, and western Kearney Counties; and has increased groundwater
seepage to the Platte River.
Together with the canals and irrigation laterals these reservoirs have
contributed to groundwater storage
several times their combined surface
storage capacity of nearly 2 million
acre-feet (2.5 billion m3).
The stabilized flow in the Platte
River to the east contributes significantly to groundwater recharge in
the valley portion of Buffalo, Hall,
and Merrick Counties and to the
upper part of the Blue River Basin,
thus helping to maintain groundwater supplies in those areas. A new
lesson was learned: water from
surface-water sources can be integrated with water from the groundwater reservoir for use and storage.
Major storage reservoirs constructed as a part of irrigation projects in Nebraska are located on the
map and the capacities, dates operational, and projects served are
listed on the accompanying tabular
material.
Others Planned

Several other federal projects have
been proposed and planned. A few
have been found feasible and two
are authorized. The North Loup
project with storage on the Calamus
River and the O'Neill project with
storage on the Niobrara River have
received construction funds, and
when completed will total 130,000
acres (52,600 hal. A recent Supreme
Court decision relative to the North
Loup project required voters of the
Twin Loups Reclamation District to
approve the repayment and waterservice contracts. A cou rt decision in
regard to the adequacy of certain aspects of the environmental impact
statement on the O'Neill project is
pending.
Land irrigated from surface-water
reservoirs and by direct diversion

from streams amounts to about 1
million acres (400,000 hal. The storage capability of existing large reservoirs within the state is about 3 million acre-feet (3.7 billion m3). However, this potential is seldom
reached. For example, according to
the Nebraska Department of Water
Resources, the total storage in these
reservoirs on April 1, 1979, was
about 1,860,000 acre-feet (2.3 billion m3). Nebraska's potential for a
significant increase in direct irrigation from new surface reservoirs is
limited by available sites, suitable
land, funding constraints, environemental concerns, and legal and institutional constraints. Even so, the
potential for integrating new surface
reservoirs with groundwater storage
is great.
Changes Occur

The impact of surface storage goes
far beyond the monetary returns
from the land directly irrigated and
from the power generated. There are
also positive economic gains to
other business. Major impacts include:
(1) alterations of the hydrologic
system; that is, changes in stream regimen and flow characteristics, addition to groundwater storage and
the potential for conjunctive use of
water, creation of wetlands and
drainage problems, increase in subirrigated acreage, changes in
surface-groundwater relationsh ips,
retention of floodwaters and reduction offlood damage, stabilization of
stream flow by reducing high flows
and enhancing low flows at
downstream locations, and depletion of annual stream flow through
consumptive use and evaporation;
(2) alteration of terrestrial and
aquatic habitat; that is, significant
changes in plant and animal communities on flood plains, reduction
of fisheries in some stretches and
enhancement in others, increase in
lake-type fisheries, and reduction in
riverine habitat for some kinds of
migratofY water fowl and habitat
enhancement for others; and
(3) change in recreational opportunities; that is, increase in flat water
recreation such as boating, swimming, and water skiing, and reduc(Continued on next page)
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tion in canoeing and floating in
some stream stretches and an increase in others.
The impact of surface storage also
has resulted in a shift in economic
opportunities and population in Nebraska.
It is interesting to look at these
past reservoir developments and to
reflect on how things would be
today without those developments.
Other Reservoirs

In addition to the large reservoirs
for storing irrigation water, several
other reservoirs have been built for
flood control and as regulating reservoirs for power production. The
more important of the flood control
reservoirs are the 10 constructed by
the U.S. Corps of Engineers in the
1960s in the Salt Creek drainage
basin. The largest of these is
Branched Oak Lake, which has a
capacity of 26,000 acre-feet (32
million m 3 ), and the smallest is
Holmes Lake, which has a capacity
of 1,200 acre-feet (122,000 m 3 ) have
been built in this state. Even though
so numerous, their combined storage capacity is small compared with
that of the large reservoirs.
Although the primary purpose of
these smaller reservoirs is to retard
runoff and thus help reduce flooding
and erosion from flooding, many are
used for livestock watering, fishing,
recreation, and irrigation. Like large
reservoirs, the small ones help reduce or prevent floods, but they also
deplete streamflow because they
lose water by both seepage and
evaporation. Most of the losses by
seepage become recharge to
groundwater. I rrigation reuse pits
and sma" pools above gradestabil ization structures are other
types of small reservoirs. The former
collect irrigation runoff for reuse and
both types provide habitat for
wildl ife and also result in sma"
amounts of recharge to ground
water.
Lewis and Clark Lake stores
540,000 acre-feet (670 million m 3 )
of water and is used for power generation, flood control, and recreation. This federal reservoir on the
Missouri River north of Crofton, Nebraska, is shared with South Dakota.
Water stored in the lake has been
12

Reservoir names and completion dates,
excluding the Platte River
NIOBRARA RIVER BASIN

Project served

Mirage Flats
Ainsworth

Box Butte on Niobrara River (1945)
Merritt on Snake River (1964)

LOUP RIVER BASIN
Farwell

Sherman on Oak Creek (1960)
(Filled with water diverted
from Middle Loup River)

Hugh Butler on Red Willow Creek (1961)

considered a potential source of
supply for irrigation.

Natural lakes
Nebraska's Sandhills Lakes, a
1977 Nebraska Game and Parks
Commission publication, lists more
than 1,300 natural lakes in the Sand
Hills Region. Their total surface area
is about 78,500 acres (31,770 hal.
The quantity of water stored in these
lakes and in marshes varies seasonally and never is large compared
with the amount stored in manmade reservoirs. Many of the lakes
are hydraulically continuous with
adjacent and underlying ground
water. Some are highly mineralized
but most are important for the fish
and wildlife habitat and recreation
they provide.

The Soil Reservoir
Soil provides the first opportunity
for water storage and management,
and from the viewpoint of an agriculturalist, the most important
water-storage facil ity is right under
his feet. The top few feet of soil are
the second largest water reservoir in
the state.
The soil is the interface between
precipitation and other reservoirs. Its
slope and its capacity to absorb and
hold water determine the proportion
of precipitation that runs off, that
enters the soil and is held there, that
becomes available for uptake by
plants, and that infiltrates to
groundwater storage. High rates of
runoff increase streamflow and
movement of water out of an area.
High intake rates result in more
water available for storage in the
soil-moisture and groundwater reservoirs and for the maintenance of
the base-flow of streams.
Soil-moisture reservoirs have spe-

Project served

Harry Strunk on Medicine Creek (1949)
Harlan County on Republican River (1952)

Cambridge
Bostwick

OTHER RESERVOIR AND SMALL IMPOUNDMENT STORAGE
(not shown on map)
Number

REPUBLICAN RIVER BASIN
Enders on Frenchman River (1950)
Swanson on Republican River (1953)

Reservoir names and completion dates,
excluding the Platte River

Frenchman
Meeker-Driftwood;
Cambridge; Red Willow
Red Willow

Lewis and Clark Lake
Impoundments over 100 A surface area
Impoundments under 100 A surface area
(1975 estimate)
Farm Ponds (1970 estimate)

cific water-storage capacity determined by soil texture. Clays and
loams may store as much as 3 to 4
inches per foot (25-32.5 cm/m)
whereas sandy soils may store only
one-third as much. Total soilmoisture storage can be large. For
example, the top 4 feet (1.2 m) of
soils across the state held an average
of 6 inches (15 cm) of water, or
about 24.7 million acre-feet (30.5
billion m 3), in the spring of 1958 and
again in the fall of 1965 (both wet
periods). During drought and after
the growing season the soil-moisture
reservoir may be nearly depleted, as
the dry falls of 1953 and 1956 when
the average amount of water in the
soil-moisture reservoir was estimated to be only 1.9 inches (4.8
cm), or about 8.9 million acre-feet
(11 billion m3).

Moisture
The amount of moisture in the
soil-reservoir determines yields of
crops and may even determine the
life or death of crops, trees, grasses
and ornamental plants. The drought
of the 1930s dramatically emphasized the hazards of poor soilmoisture management.
Subsurface and conservation tillage methods, mulch and fallow
systems, grass and tree planti ngs,
and contour and terrace farming
were all developed during the
drought and became generally accepted as practices to increase
available soil moisture for crop production. Drought-tolerant crops
were developed and their use was
widely accepted.
The end of the drought and the
extensive development of water for
irrigation from ground and surface
reservoirs tended to reverse the trend
of those on-the-farm management

23
590
29,280

Capacity
(million
100 acre feet
mJ)

540
111
42

(666)
(137)
(52)
unknown

practices. Viewed in itially as
drought insurance or supplemental
water to rainfall, irrigation generally
became a practice of water application with little regard to water available in the soil-moisture reservoir.
Today we are rediscovering the
opportunity to use the available
moisture annually stored in soils.
Depletion of the supply of water in
the groundwater reservoir, increasing costs of the energy needed to
pump water from wells, and the difficulty of developing additional storage in surface-water reservoirs have
increased sensitivity to the value of
protecting and utilizing soilmoisture reservoir.

Total Supply large
Amounts of annual precipitation
range between 80 and 100 million
acre-feet (100 and 125 billion m3).
Storage in the soil-moisture reservoir
ranges between 8 and 25 million
acre-feet (10 and 30 billion m3). Average inflow of water to the state
amounts to about 2 million acre-feet
(2.5 billion m 3), and annual outflow
from the state, although highly variable, averages about 8 million
acre-feet (10 billion m3). The difference of 6 million acre-feet (7.5 billion m 3) between inflow and outflow
consists of runoff from precipitation,
which increases about 1 inch (2.5
cm) for each 24 miles (38 km) from
west to east, and water seeping out
of groundwater reservoirs into
stream channels. Storage in surface
reservoirs within the state ranges
from 2 million to nearly 4 million
acre-feet (2.5 to 5 billion m3). Although the total of these amounts of
water annually available for use is
large, it pales in significance when
compared with the nearly 2 billion
(Continued on next page)
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Storage . ..
acre-feet (2.5 trillion m 3 ) of good
quality groundwater stored in the
groundwater reservoi r.
Groundwater Reservoir
Awareness of Nebraska's large
store of available groundwater developed slowly. Awareness of the
opportunity to use the storage
capacity of the groundwater reservoir began to develop much later
and still is not generally recognized.
Several features of the groundwater reservoir make it essential to
water-resource management in Nebraska. Among these are: (1) broad
extent of area; (2) tremendous volume of water stored; (3) importance
to agriculture (more than 62,000 irrigation wells and approximately 5.5
million acres (2.2 million hal of irrigated land); (4) source of water supply for domestic, stock, municipal
and industrial needs; (5) source of
base flow of many Nebraska
streams; (6) resistance to drought
and relative immunity to water loss
by evaporation.
Not generally appreciated are the
facts that effective use of grou ndwater reservoirs requires water-level
drawdown by pumping; that lowering of levels creates more space for
water storage; the natural refilling of
the groundwater reservoir can be increased in a variety of ways requiring human ingenuity and effort.
Nebraska's "good life"-our jobs,
our homes, our supply of food and
drink, our recreational opportunities, our production of hydroelectric
power, and our abundant wildlife-is closely related to the abundance and ready availability of
water. Maintenance of that good life
requires learning from the lessons of
the past and making sound watermanagement decisions today.
It also requires determination to
continually evaluate water availability; to increase water storage in
surface reservoirs, in the soil, and in
the groundwater reservoir; and to
promote greater efficiency and curb
waste in water use.D
VINCENT H. DREESZEN is director, Conservation and Survey Division; DEON D. AXTHELM
is extension water resources specialist, University of Nebraska-Lincoln, Institute of Agriculture and Natural Resources.
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After he analyzed 40 systems with the PUMP program, Larry Schulze, Hall County Extension
Agent, found that irrigators were overlooking fixed costs as part of their total annual irrigation
costs_

PUMP Helps Operators
Trace Total Irrigation Costs
By Larry D. Schulze
"What? My irrigation costs aren't
that high!"
That was the response from a Hall
County irrigator who had just looked
at his irrigation costs as calculated
by the PUMP program on the AGNET
Computer Terminal Network.
When asked what he thought his
irrigation costs really were, the figure that he quoted was almost the

same as the operating costs for the
entire system. It was the fixed costs
that were being overlooked as a part
of the total annual cost in the irrigation system.
I analyzed 40 irrigation systems
through the AGNET Computer System. Eighteen of the 40 systems were
center pivots. Approximately 70
percent of the pivot systems had
pumping plants powered by a diesel
engine.

Gated pipe or siphon tubes were
found on the remaining 22 of the 40
systems analyzed. These 22 systems
were powered by six diesel engines,
six electric motors, six LP gas engines and four natural gas engines.
Information on these systems was
provided by area Hall County farmers. Their inputs on the cost of
pumps, wells, power units, irrigation
systems, fuel costs, and land leveling
were used as inputs to feed into the
PUMP program.
A verage System
The average surface irrigation
system reflected the type of system
found in the Platte Valley area. It
lifted water from a depth of only 48
feet (14.5 m) and applied an average
of 18 inches (46 cm) per acre (0.4
hal. The average size field under the
surface irrigation system was 70
acres (28 hal.
The center pivots that were
analyzed by the PUMP program lifted
water an average of 77 feet (23 m)
and applied 12 inches (30 cm) of
water at 70 pounds (31.5 kg) per
square inch (cm2). The average size
field under a center pivot system was
larger, as would be expected. These
irrigated fields averaged 125 acres
(50 hal each.
The quantity of water that was
applied by each surface system was
estimated by each farmer. Though a
few did have flow meters, they did
not know exactly the quantity they
applied. It still is most interesting to
compare the differences in the
quantity of water applied between a
surface and a pivot system. With
these estimates, the pivot irrigator
applied six inches (15 cm) less water
than the surface irrigator.
Table 1 shows the comparison of
costs per acre of the surface and
center pivot irrigation systems.
These costs were calculated by the
PUMP program of AGNET. Table 2
lists the average fixed, operating,
and total costs of all of the systems.
The center pivot irrigation system
costs were approximately double
that of the surface systems.
The same type of cost relationship
also is true when annual costs are
compared between surface and
center pivot systems.

Table 1. Comparison of costs per acre of 22
surface and 18 center pivot irrigation systems by AGNET.
Average Dollars Per Acre

Surface
Center Pivots

Fixed

Operating

Total

$20.24
$41.40

$11.24
$18.31

$31.45
$59.79

The average 70-acre (28 hal
surface-irrigated field had a total
cost of $2,087 for an irrigation season. The average 125-acre (50 hal
center pivot had an annual cost of
$7,288.
Because of higher investment
costs of center pivot irrigation systems, fixed costs represent a larger
proportion of total costs. Fixed costs
of center pivots represent approximately 70 percent of the total annual
cost. Fixed costs represent about 65
percent of the total cost of surface
irrigated systems.
This article suggests that surface
systems are much less expensive to
own and operate than are sprinkler
systems. In general, this is true.
However, the results may be biased
by the age of the system and the
exclusion of land grading costs (if
they were not included). Only eight
of the 22 surface systems included
cost figures for land leveling.
Age
The age of the system would also
be significant. If the average surface
system was installed in 1957 and the
average pivot system was installed in
1975, the initial costs would be significantly different.
The PUMP program of AGNET has
been expanded this cropping season
to better analyze individual systems.
It will now specifically analyze
these systems: center pivots, traveling big guns, skid tow, side roll,
gated pipe with reuse pits, gated
pipe with no reuse pits, and automatic gated pipe systems with
reuse pits.
Table 2. Comparison of annual costs between
surface and center pivot irrigation
systems.
(Average pivot system was 125 acres or 50 ha
and average surface system was 70 acres or 28

ha).
Average Annual Costs

Surface
Center Pivots

Fixed

Operating

Total

$1345
$5015

$797
$2242

$2087
$7288

Irrigators have the opportunity to
have their irrigation system costs
determined by providing gallons per
minute, depth to water, water pressure, acres and inches applied per
year as inputs into the PUMP program. In addition, specific costs can
be entered on the well, pump,
power unit, gearhead and the irrigation distribution system.
There are many potential benefits
for the irrigator to analyze his irrigation system through AGNET. Dean
Eisenhauer and Paul Miller, district
extension irrigationist and district
extension economist, respectively,
at the University of Nebraska's South
Central Station offer some questions
that can be considered by the PUMP
program:

(1) What changes could be made
in system design and management to reduce these high
costs? AGNET could show the
potential savings that could be
realized through irrigation
scheduling and reduced water
usage.
(2) Are the computer-calculated
fuel costs similar to actual
costs? If not, maybe the
pumping plant is not efficient
or more water is being applied
than estimated.
(3) If the present power unit
needs replacement, what energy source would be the
most economical? AGNET
could compare electric, diesel, propane and natural gas
energy sources.
Irrigators may use this program in
the AGNET Computer System 'by
contacting their local county extension agent.O
LARRY D. SCHULZE is Hall County extension

agent.
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Weed seeds float peacefully in the Enterpri se
Canal near Mitchell. This canal was one of
two chosen to study weed seed content.

Irrigation Weed Seed
Does the North Platte
River Project help spread
weed seed?
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By Robert Wilson
Have you ever gazed into an irrigation canal or lateral and seen
weed seed floating on the water
surface? Or looked down an irrigation canal lined with weeds and
wondered where the weed seeds go?
These were questions I asked as I
started irrigating a corn field one
summer afternoon. The longer I
watched the water, the more weed
seed I observed floating into the corn
field, and the more intrigued I became with the problem.
During the summers of 1977 and

1978 I conducted an experime nt
which I hoped would answer the
following questions: the kind,
number, and seasonal variation of
weed seed movement in canal
water, and the potential this seed has
to cause weed problems in irrigated
cropland. These studies were conducted at Scottsbluff at the University of Nebraska Panhandle Station.
Before I get into the results of this
study it is important to understand
the irrigation system. The passage of
the Federal Reclamation Act in 1902
permitted development of the North

Platte River Irrigation Project. Today
this project provides water to irrigate
350,000 acres (140,000 hal of land
in southeastern Wyoming and western Nebraska. Water is diverted from
the North Platte River into canals
and from there onto the irrigated
farmland of the region. This system
of water diversion is common in
many parts of the country. A total of
76 canal systems divert water from
Nebraska rivers to irrigate over
1,000,000 acres (400,000 hal of
land in the state.
Water traveling through the river
network, canals, and irrigation laterals picks up plant seeds which have
fallen or blown into the water. It is a
very efficient avenue for distributing
the seeds onto irrigated Nebraska
farmland.
Farmers in the North Platte Valley
have long suspected that irrigation
water provides an avenue for the
spread of noxious weed seed. Scientists have also been interested in the
effect of surface irrigation water on
the spread of weed seeds. As early as
the 1920s, agricultural ists stud ied
weed seeds being disseminated by
irrigation water.
This study was to determine the
impact of the North Platte River
Project irrigation water on weed
seed movement. The 11 districts
within this project which supply
water to farmland vary in their water
priority and the size of irrigation
canals. It was not feasible to sample
every canal system, so two canals
(Farmers and Enterprise Canals)
representative of the different types
of canals present in the area were
chosen for study.

Every Week
The Farmers Canal, the Enterprise
Canal and the North Platte River at
the Nebraska-Wyoming state line
were monitored every week during
the 1977 and 1978 irrigation seasons. Canals were sampled at the
river diversion, midway through,
and near the termination of the
canal. At each sampling site, 5 in.(12
cm) small mesh nets were placed
into the canal at three depths; water
surface, near the bottom, and two
thirds of the canal depth up from the
canal bottom. At each sampling location the canal was sampled for 30

minutes, with the net being moved
from the left side of the canal to the
center and to the right side to get a
true sample in case wind was pushing the seed to one side qr the other.
Seeds of 77 different plant species
were collected from irrigation water
in the Farmers Canal, Enterprise
Canal and the North Platte River
during the 1977 and 1978 irrigation
season. A total of 33,346 plant seeds
were collected and identified. Seeds
were tested for germination and approximately 30 percent of them
were viable when removed from irrigation water.

More Seeds
More plant seeds were found in
irrigation canals than in the North
Platte River. The number of plant
seeds collected increased dramatically as water moved through the
canal system. The amount of weed
seed found at the end of the canal
was 26 times more than the amount
found at the beginning of the canal.
Plants growing along canal banks,
seeds blowing into canals, and return flows from irrigated fields
would generally be considered the
major source of plant seeds.
The amounts of weed seed collected from the North Platte River as
it entered the state were relatively
small when compared with the
amounts found in irrigation canals.
Most of the plant species collected
in canals were also found in reduced
quantities in the river. Canada thistle
was an exception and was found to
be in higher amounts in river water
than in the canal system. In the case
of Canada thistle, it would seem that
the North Platte River provides an
important avenue for the introduction of this noxious weed into the
state of Nebraska.
The majority of the plant seed
collected was found floating on the
water surface. The amount of seed
floating varied on whether seed was
collected at the begi nn ing or end of
the canal. As water left the North
Platte River through the canal diversion it passed over a spillway. The
churn ing action of the water caused
by the spillway would displace
floating seed and distribute it
through the canal water profile. As
water left the spillway approxi-

mately 69 percent of the weed seed
was floating, 25 percent near the
bottom of the canal and 6 percent of
the seed two-thirds up from the
canal bottom. Near the end of the
canal system 98 percent of the weed
seed was floating on the water surface and 2 percent was near the
bottom of the canal.
A survey was conducted in the
North Platte River Project during the
1978 growing season to determine
pesticide usage on cropland and to
gather information on weed problems within the area. Results of this
survey indicated the weed species
that were causing problems within
the North Platte River Project. To
determine whether the weed seed
carried by irrigation water was partially responsible for weed problems
found in irrigated cropland, crossreference was made between pesticide survey results and weed seed
survey results (Table 1).
Pigweed was the most common
seed found in irrigation water and
made up 40 percent of the seed collected. Pigweed was also listed by
farmers as the number one weed
problem in irrigated cropland. Of
the top 10 weed problems listed by
farmers, all the seed can be found in
irrigation water. Weed seeds from
certain weeds are more common
than others. Barnyardgrass, common
lambsquarters, foxtail, and pigweed
are all found frequently in irrigation
water. It seems very probable that
irrigation water provides an efficient
means for the dissemination of weed
seeds.

Another Phase
Another phase of this study was to
estimate the amounts of plant seeds
disseminated onto cropland as fields
were irrigated during the growing
season. The most common weed
species found in water used for irrigating croplaod were barnyardgrass, followed in order by foxtail
and pigweed. Plant seed concentration in the irrigation water entering
the field varied during the summer of
1978, with the largest amounts of
seed being collected during June
and September.
During the 1978 growing season it
was estimated the field received
(Continued on next page)
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Table 1. Comparison of results from irrigation water sampling and irrigated farmer surveys in
western Nebraska during the 1977 and 1978 irrigation seasons.
% of the growers conta cted w hich

Common cropland weed seed
found in irrigation w ater

Barnyardgrass
Buffalobur
Common cock lebur
Common lambsquarters
Common milkweed
Common sunflower
Downy brome
Foxtai l spp.
Giant ragweed
Kochia
Lon gspine sa nd bur
Mustard spp.
Nightshade spp.
Pi gweed spp.
Puncturevine
Russi an th istle
Wild buckwheat
Can ada th istle
Field bindweed
Leafy spu rge
Musk thistle
Plumeless thistle
Other weed species

% of the 33,400 seed collected
in irrigation water

considered weed species to be a

(%)

(%)

Cropland weeds
7. 1
0.5
< 0.1
2.0
0.1

problem on irrigated fa rml and

14

< 1
18
34
< 1

0.3

37

0.2
2.3
0 .1
0.4
0.2
<0. 1
< 0.1
40.8

5
17
10
42
17
2
22
53
< 1
17
4

0.9
< 0.1
0.2
Noxious weeds
0.1

54

o

28

< 0.1

< 1
9

o

o

o

44.8

Weed ...
120,000 seeds per acre (48,402
seeds per hal from irrigation water.
With this large amount of seed entering fields each year it is no wonder that weed problems seem to develop year after year no matter what
precaution the farmer ha s taken the
previous year.
Weed seeds enter fields in ways
other than through irrigation water,
of course. Examples could be wind
blowing seeds into the field and
seeds entering the field as plants
growing in the field mature and produce seed. The seed brought in by
irrigation water is probably most
sign ifi cant in that new weed species
are continua ll y being introduced
into fie ld s. In many cases the weed
seeds enterin g the field are from
noxious weeds suc h as Canada and
mu sk th istle.
The removal of weed seeds from
18

Yelling the
Water Level
Story

Irrigation water either by screening
or by weed co ntrol along canals
should redu ce the movement of
weed seeds from one area to another
within the irri gation system and reduce the severity of weed infestations in irrigated cropland.
Now as I gaze into an irrigation
canal and see weed seed floating on
the water surface I know where
these seeds are going. I also know
where the Canada thistle seed came
from that started the th istle patch in
th e lower end of the corn field and
how the sunflower seed got into the
beans. It is evident that seeds floati ng on the water surface have the
potenti al to be the origin of future
weed problems.O
ROBERT WILSON is district weed scien ti st, University of Nebras ka Panhandle Station in
Scottsbluff.

By Darryll T. Pederson
An often asked question in Nebraska is " what did the water level
do th is year?" The water level referred to is the elevation of the
groundwater table.
A simple answer to the question is
not possible, however . In many
areas of the state water levels respond mainly to variations in climate, while in other areas of the
state, water levels are rising or declining. Furthermore, rises or declines "this year" may represent
only a short-term temporary change.
A lot of statistics over long periods of
time are needed to adequately tell
the water-level story.
Collecting this data has been a
major task of the Conservation and
Survey Division of the University of
Nebraska-Lincoln and the U.S .
Geological Survey. Observation

(greater than 4 inches or 10 cm)
wells can be measured using a conti nuous chart-type recorder attached
to a float in the well. An ink pen
records the water level on a moving
paper chart.
Wells used for obtaining groundwater supplies can also be used as
observation wells. Water levels in
most irrigation wells can easily be
measured through one of the access
holes with a steel tape. An added
advantage in measuring water levels
in irrigation wells is that hydrologic
connection with the aquifer is assured (the well is not plugged) .
A major disadvantage is that water
levels in an irrigation well do not reflect regional groundwater levels
while the well is being pumped or
for a period of time afterward . The
advantages outweigh the disadvantages, however, when one considers
the large number of registered irrigation wells inNebraska.
A yearly low in groundwater
levels is commonly recorded during
late summer in many areas of Nebraska. This low is caused by heavy
irrigation during the summer. After
pumping stops, water levels start
rising-rapidly at first and then more
slowly as time passes. The timing of
water-level measurements compared to when irrigation stops is thus
very important. Generally, fall
water-level measurements are representative of the stress placed on the
groundwater reservoir during the
previous summer irrigation season.

wells have been measured under a
joint cooperative program dating
back to 1930. New wells have been
added to the statewide network in
order to monitor water levels as
water use has expanded. Many wells
have been destroyed, replaced or
abandoned. Also involved in these
early efforts were county agents and
irrigation districts. More recently,
most of Nebraska's Natural Resources Districts have established
observation well networks. Most
water levels measured in the networks are coded and stored on
computer tape files as part of the
cooperative program of the Conservation and Survey Division and the
U.S. Geological Survey. Interpretation of this data requires full
documentation of the well itself,
knowledge of how and when the
data was collected, and the hydrogeologic characteristics of the
aquifer.
Water levels are measured in different types of observation wells.
Some wells have been installed for
the sole purpose of monitoring water
levels. There are two main types of
wells . Water levels in smalldiameter (less than 2 inches or 5 cm)
wells are measured periodically
using a steel tape . The tape is rubbed
with blue carpenter chalk so the
point where the water "cuts" the
tape can be accurately determined.
These wells are measured annually,
quarterly or monthly.
Water levels in large-diameter

'.

"
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Colored areas show the significant rises and declines in Nebraska groundwater levels from
predevelopment as of fall 1978.

Spring water-level measurements
more nearly reflect the regional
groundwater table or the amount of
water in storage. Declines in water
level from one year to the next represent a loss of groundwater in storage while rises represent a gain in
storage.
There are a number of possible
reasons for a gain or loss in groundwater storage. Loss in groundwater
storage is reflected by declining
water levels. The most probable reason for a rise or decl i ne of water
level at anyone point is man' s activity. Heavy groundwater withdrawals
can exceed the ability of the aquifer
to replenish itself. Recharge from
surface irrigation projects can increase the water in storage, which is
reflected by a general rise in water
levels.
Similar but smaller rises and declines in groundwater levels occur
when precipitation is above or
below normal for a period of time.
During periods of below-normal
precipitation there is less recharge
and greater groundwater withdrawals so there is a combination of factors causing water-level declines.
During periods of above-normal
precipitation the reverse is true.
For accurate determination of
long-term trends, a reference point is
needed . Water levels before
groundwater development (predevelopment) are commonly used as
reference poi nts. Predevelopment
water levels varied because of
changes in precipitation, but these
variations are usually of much
smaller magnitude than those from
man's activity. The rise and decline
map was prepared using estimated
predevelopment water levels.
The water-level story is still being
told . Development of new technology and of new farming techniques
has changed the amount and pattern
of groundwater withdrawals. With
the creation of three groundwater
control areas in the state, management of the reservoir will require a
new chapter in the continuing story.
Only time will allow a fuller narrative of the water-level story.D
DARRYlL T. PEDERSON is resear c h hyd roge%gist for the Conservation and Survey
Division.
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Family Importance and Satisfaction-

QUALITY of LIFE
By Florence S. Walker
The family provides us with a
basis for intimate relationships
which can help give meaning to
other aspects of our lives. Families
are important to us and they have
been around since time immemo-

ri al, so it's no wonder that questions
about the family are often asked in
quality of life studies.
This article on family relationships
is the second in a series about the
quality of life in Nebra ska (see
Spring 1979 , "Town or City-

.r.

BETTER . . . . . . . .

There's No Place Like HOME") . The
study is based on 208 personal interviews conducted in two eastern
Nebraska communities, one urban,
the other a rural town of between
2,500 and 5,000 population .
How do residents of these two
Nebraska communities see family
relationships? We found that the
differences in answers depend on
which community the respondent
I ived in, or on one of the following
family characteristics:
• size of family
• presence of children
• age of the family head
• schooling of the family head
Those people interviewed were
asked how satisfied they were with
such family relationships as:
• family life
• husband-wife relationships
• parent-ch ild relationsh ips, and
• relationships between children
They also were asked how important they thought such family relationships were, since the two
questions ask very d itferent th ings.
The main purpose of the study
was to see how a person's residential
location was related to his or her
quality of life. Therefore, this report
primarily looks at differences tied to
residential location . Secondarily, it
looks at differences related to the

•...
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four family characteristics listed previously.
Family Life
In general, Nebraska famil ies said
they were "satisfied" with their family life. No difference was found in
regard for family life based on residential location alone. However,
when families grouped by residence
were divided according to whether
they had children, certain differences were found.
Rural-town families with all their
children at home were more satisfied with family life than simi liar
urban families. Furthermore, although both rural and urban families
were less satisfied with family life
after all their children had left home,
the dissatisfaction was more acute
for urban families than rural-town
families.
Family size and the amount of
schooling the family head had made
a difference in the satisfaction with
family life, but these two factors had
no relation to residential location.
On the average, small families
were less satisfied with family life.
The more schooling the family head
had, the greater the satisfaction with
family life was.
Turning to the question of importance of family life-again, no differences were found based on residential location nor to residential location in connection with each of
the four fam ily characteristics.
This meant that both rural-town
and urban families have the same
high regard for family life. However,
families of different sizes-without
regard to residential locationindicated differences in the importance they put on family life. Small
families, on the average, said that
family life was somewhat less important to them than it was to large
families. Small families also were
less satisfied with their family life.

Spousal Relationships
Residence made no difference in
the satisfaction or importance of relationships between husbands and
wives, unless the residential area
was examined along with the
amount of schooling attained by the
family head.
Rural families were more satisfied

with spousal relationships when the
family head's schooling was beyond
high school, but less than college
graduation. However, urban families
were more satisfied when the family
head's schooling included a college
degree.
Childless families were the most
satisfied with spousal relationships
in both the rural and urban areas.
The lowest for satisfaction with
husband-wife relationships came
from families in which some of the
children-but not all-had left
home.
Similarly, responses from both
rural and urban areas indicated that
as the amount of schooling of the
family head increased, satisfaction
with husband-wife relationships also
increased.
Turning to the importance of
spousal rei ationsh ips, differences
were observed when residential location was combined with family
size or with the presence of children,
as well as when residential location
was studied by itself.
Urban
families
considered
spousal relationships more important than the rural-town families.
Medium-sized families considered
spousal relations somewhat more
important than did large families.
Small rural families, however, considered spousal relationships less
important than did small urban
families. Both rural and urban
families indicated that the importance of husband-wife relationships
was the lowest when all children
had left home.

Parent-Child Relationships
No differences were found in
satisfaction with parent-child relationships because of residential location. Neither were there any differences associated with any of the
four family characteristics. In contrast, however, the importance of
th is relationshi p did vary with residential location, family size, the
presence of children and the family
head's age.
Urban families in this study
placed more importance on parentchild relationships than did rural
families. Urban families whose head
had a college degree placed more
importance on parent-child relations

than other urban families. However,
college-educated rural family heads
put less importance on this relationship than rural familes whose head
had some education beyond high
school but did not have a college
degree.
Rural families with all their children at home found parent-child relationships to be more important
than others living in the rural town.
In contrast, childless urban families
considered parent-child relationships more important than did others
in the urban area. All medium-size
families placed more importance on
parent-ch ild relationsh ips, although
the relationship was more important
to urban families than to rural-town
families. Finally, rural families with
younger family heads placed more
importance on parent-child relations
than their urban counterparts, while
the reverse was true for aged
families: urban aged families placed
more importance on this relationship than rural aged families.
Analyses of the family characteristics without regard to residential
area indicated a general trend of
giving less importance to parentchild relations as family heads aged,
and as children grew up and left
home. Mid-sized families placed
more importance on this relationship than did smaller or larger
families.

Sibling Relationships
No differences were found in the
satisfaction with relationsh ips between children because of either
residential location or residential location in combination with family
characteristics. In larger families,
both rural and urban respondents
reported less satisfaction with sibling
relationships.
There were differences in the importance assigned to the sibling relationship for both residential location by itself and for residential location combined with sucl:! family
characteristics as the presence of
children or family head's schooling.
Urban families placed more importance on this relationship than
did rural-town families. Rural-town
families whose head had a college
degree considered this relationship
(Continued on next page)
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QUALITY OF FAMI LY RELATIONSHIPS FOR NEBRASKANS (percentages rounded)

SATISFACTION

Family Life
(208 Respondents)

Spousal Relationships
(155 Respondents)

Parent/Child
Relationships
(180 Respondents)

Sibling
Relationships
(145 Respondents)

FUSARIU

IMPORTANCE

Family Life
(202 Respondents)

Spousal Relationships
(156 Respondents)

Parent/Child
Relationships
(181 Respondents)

Sibling
Relationships
(144 Respondents)
Rating Scale

Extremely Satisfied
Sat isfied
So mewhat Satisfied
Mi xed + All Levels of Dissatisfaction

.0 =
=.
= = 0
0
0

A
B
=C =
= D=

0
0

A bluegrass fairway shows the pockmarked
appearance of fu sarium blight.

Extremely Important
Importa nt
Somewhat Important
Mixed + All Levels of Unimportance

Seven levels of responses were given , from extremely satisfied (or important) to
extremely dissatisfied (or unimportant) . Those who stated the relationship did
not apply or who did not answer were omitted from analyses. Data were
collected from 208 Nebraskans during 1977·78.
Figure 1. The quality of family relationships for Nebraskan s (percentages rounded) .

Family . ..
mor e imp o rt ant t han o th er rura l
fa mili es. Urban famili es whose head
had a co ll ege degree gave the same
amount of importance to thi s relatio nship as did the urban fa milies
wh ose head had so me edu cati o n
beyo nd hi gh sc hoo l.
Without rega rd to res identi al locati o n, famili es w ith o ut c hil d ren
pl aced mo re impo rtance o n siblin g
relat ions w hil e fa mili es w ith o nl y
pa rt of their child ren at ho me p laced
the least impo rta nce upo n it.
N e br as k an s ex pr esse d mor e
agree ment w ith how impo rtant family relat io nshi ps w ere th an w ith how
sa ti sfied w ith them they we re, as
show n by the c harts. H av in g c hil d ren at ho me and so me sc hoo lin g
beyo nd hi gh sc hoo l we re fa mil y
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c haracteri st ics assoc iated with hi gh
qu a li ty o f f amil y life for rur al
fa mili es.
O n the other hand , c hildl ess ness
and col lege gradu ati on we re urban
fa mil y c harac teri stics indi catin g high
qu ality of fa mil y life. Rega rd less of
res identi al locat io n, however, yo ung
famil y hea d s and m edium -s ized
fa mili es generall y meant hi gh q uality famil y li fe. D

The "frog-eye" pattern is a telltale sy mptom.

FLO RENCE s. WALKER is assoc iate professo r,
Ed uca tion and Famil y Resou rces .
1. The data for thi s report are a part of the resear ch project
NC· 128. " Q uality of Life as Influenced by Area of Resi·
dence," spon sored by the Agri c ultu ral Experiment Sta t ions of Arizona , Ca lifornia, Co lorado, Illinoi s, Indiana ,
Iowa , Kan sas, Michigan , M innesota, M issouri, Nebra ska,
Nevada , Ohio and Texa s in coo peration wi th Science and
Education Admin istrati on Coopera tive Research, The United States Department of Agr icultu re.

Severe fusarium blight damage to bluegrass is
shown .

SLIGHT -A Common Disease in Bluegrass Lawns
By John E. Watkins,
R. C. Shearman
and Terry P. Riordan
"Frog eye" is a term many Nebraska homeowners use to describe
the appearance of a disease of bluegrass lawns which occurs in July and
August. Homeowners are not alone,
however. Most golf course superintendents, nurserymen, turfgrass
managers and lawn care services are
also quite familiar with both the term
and the disease it describes.
What is "frog eye" and why has it
become so prominent in Nebraska
in recent years? The term describes
an easily recognized symptom of
Fusarium blight, a disease of
intensively-managed bluegrass turfs.
This disease is one of the most
damaging turfgrass diseases and the
most difficult and expensive for the
homeowner or turf manager to control.
Fusari um bl ight of turf is the accepted common name of this disease. Too often we hear the disease
being called "frog eye disease"; and
since this is not a disease of a frog's
eye, we would like to put this
pseudonym to rest.
Fusarium blight is caused by two
species of fungi, Fusarium roseum f.
sp. cerealis and Fusarium tricinctum
f. sp. poea. One or both of the
Fusarium blight pathogens are normally present in most turf areas.
Their ability to infect bluegrass is
related to stress on the plant from
high temperatures and not enough
soil moisture.
Combination
Diseases of all crops result from
the combination of a susceptible
host, a virulent pathogen, and environmental conditions which foster
disease development. With turfgrass,
however, cultural practices also di-

rectly influence development of the
disease. When the homeowner intensively fertilizes, mows, and waters, the severity of the disease often
increases, especially during peak
periods of disease development.
Heat, Water
Midday heat stress and water
stress accentuate symptoms of
Fusarium blight. The most severe
blighting occurs when midsummer
temperatures are above 80°F (27°C).
During periods of peak evapotranspiration (losing water into the air),
plants cannot absorb water from the
soil rapidly enough to prevent wilt.
The resulting drought stress allows
the Fusarium fungus to rapidly colonize the crown and root area of the
grass.
Fusarium blight occurs both as a
blight of the foliage and as a basal
crown and root rot. When viewed
from a distance, affected bluegrass
shows scattered patches of bluishgreen wilted plants. These areas are
usually not detected until the color
changes to a dull reddish-brown.
This occurs about 36 to 48 hours
after initial onset of symptoms. Early
in the development of the disease,
blighted areas appear as reddishbrown, tan or straw-colored patches,
elongated streaks, or crescents. Because Fusarium blight occurs in
midsummer, symptoms usually continue to develop rapidly beyond
these early stages if the homeowner
doesn't take corrective measures.
Severely blighted lawns or fairways
take on a pockmarked appearance
(Figure 1).
The most distinguishing symptom
of Fusarium blight is in the later
stages when circular or crescentshaped patches of blighted grass are
scattered throughout the lawn.
Within many of these patches are

tufts of green grass (Figure 2), giving
a "frog-eye" pattern. Not all patches
of blighted grass will show the
"frog-eye" effect; some may appear
as circular spots of dead grass resembling injury from dog urine.
However, the "frog-eye" pattern is
common enough to be a very useful
diagnostic symptom. The size of individual bl ighted patches often enlarges and adjacent patches may
overlap, resulting in large areas of
blighted turf (Figure 3).
Upon closer inspection of the diseased plants, it may be observed that
leaf lesions originate both at the cut
tip and randomly over the blade. Individual lesions are dull brown to
straw-colored and may encompass
the entire width of the blade and be
up to one-half inch (1.25 cm) long.
Plants with crown and root rot are
stunted and pale-green to yellow.
I nfected crowns and roots show a
brown to reddish-brown dry rot. In
time, the rotted areas become dark
brown.
Control Difficult
The relationship of environmental
and cultural factors to disease incidence and development makes
control difficult. Although the exact
effect of each factor on Fusarium
blight is not completely understood,
each factor can be manipulated so
growth of the grass plant is favored,
and survival and growth of the
pathogen are not. The end result will
be less disease damage to the turf.
If incorrectly done, the fertilization program needed to maintain the
quality and usability of a lawn or a
bluegrass golf course fairway can
often lead to severe Fusarium blight
damage. Slow-release nitrogen
sources applied in early May could
delay green-up, but will lessen the
(Continued on next page)
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Heavily managed grass is especially susceptible to Fusarium
blight. Hot weather and not enough water help it spread
Blight . ..
tendency of the turf to the disease.
Lawns should be fertilized at least
twice, once in mid-to-Iate October
and again in early May. Fertilizers
with slow-release nitrogen carriers
or those with a combination of fastand slow-release nitrogen carriers
are preferred.
Many soils in Nebraska have a
high clay and silt content and become easily compacted when exposed to foot traffic. This soil compaction can hurt the growth of the
grass by limiting air, water and nutrient movement into the soil. Cultivating the soil by coring or aerifying in spring, fall, or both, alleviates
the compaction problem and improves the water and nutrient
movement into the soil. This increases depth of the roots, allowing
the plant to better stand high midday
temperatures and lack of water.
Practices that promote an actively
growing, vigorous turf also contribute to the accumulation of thatch.
When the thatch layer exceeds
one-half inch (1.25 cm), the lawn
should be dethatched. Soil aeration
or core removal will not eliminate
thatch, but will help slow its development. On heavy clay soils or
compacted soils, use power raking
and aeration to reduce accumulation. A light power raking is better
than trying to remove too much debris at one time.
A Kentucky bluegrass lawn in Nebraska requ ires about 1.0-1.5 inches
(2.5-3.8 cm) of water each week to
maintain active growth. Less frequent but heavier watering encourages grass plants to develop a deep
root system. Early morning hours (4
a.m. to 8 a.m.) are best for watering.
During midday, a very light watering (syringing) of Fusariumblighted turfs may slow or even prevent symptom development. On
lawns with a history of Fusarium
blight, a daily syringing during July
24

and August will reduce midday heat
stress. The light, frequent sprinkling
should not replace infrequent deep
watering. It does lower the temperature at the soil surface. Research
has shown that syringing can reduce
the maximum temperature of the turf
by 4 to 6° F (2_3° C), and the soil
temperature at a 2-inch (5 cm) depth
by 2 to 3° F (1_2° C). The greatest
overall cooling effect is achieved by
syringing 2 to 3 hours before the
daily temperature hits its highest
point.
The height of the grass and how
often it is mowed are important. If
the mowing height of cool season
grasses such as Kentucky bluegrass
and fine fescues is raised during
summer months, they will maintain
more vegetation to protect their
crowns from high soil temperatures.
For example, mow Kentucky
bluegrass at 1.5 to 2 inches (3.8-5.0
cm) in the spring and fall and at 2 to
3.0 inches (5.0-7.5 cm) in the summer. Gradually lower the mowing
height in the transition between
summer and fall. Mowing frequency
is determined by turfgrass growth
Table 1. A selected list of improved Kentucky
bluegrass cultivars (varieties) suitable for planting into Fusarium
blight problem areas.'
Adelphi
Baron
Bonnieblue
Bristol
Birka

Cheri
Emmundi

Sydsport
Touchdown

Glade
Majestic
Parade

Vantage
Vieta

1Selection was based on cultivar performance in trials at

Mead. North Platte. and Scottsbluff. Nebraska.

rate. As a general rule, you should
remove no more than 40 percent of
the leaf area with anyone mowing.
High qual ity Kentucky bluegrass
cultivars (varieties) are less likely to
be seriously damaged by Fusarium
blight. Various kinds of turfgrass and
Kentucky bluegrass do not respond
the same to environmental conditions, cultural practices, disease and
insect injury. One cultivar or selection may be seriously damaged by
Fusarium blight at a lower mowing
height due to induced heat stress,
but if cut higher, it may show I ittle or
no Fusarium blight injury.
Kentucky bluegrass cultivars cannot be recommended specifically for
their resistance to Fusarium blight. It
is suggested that the homeowner
either blend three or four of the improved Kentucky bluegrass cultivars
listed in Table 1 or that they purchase products which contain at
least 60 percent of one or more of
these improved cultivars. The improved cultivars in Table 1 have
performed well under Nebraska
growing conditions and should be
used in overseeding Fusarium
blighted lawns or as a blight preventative in newly seeded or reestablished lawns. Keep in mind that
the cu Itu ral practices you use on the
turf will, to a large extent, determine
its ability to withstand serious
Fusarium blight damage.
Fusarium blight can be effectively
controlled with certain systemic
fungicides "(Table 2). When symptoms of Fusarium blight are first de-

Table 2. Systemic fungicides' suitable for controlling Fusarium blight.
Rate of formulation
Trade Names

Common Names

Tersan 1991, 50% WP
Cleary'S 3336, 50% WP
Fungo 50, 50% WP
Topmec 70W, 70% WP

benomyl
th iophanate
thiophanate-methyl
thiophanate-methyl

, Irrigate into the root zone with at least 1 inch (2.5 em) of water immediately ater treatment.

in ounces per 1000 sq.

5-8
4-8
4-8
4-8

ft.

tected, one or two applications will
usually check blight development.
Research data from studies conducted in 1977 and 1978 indicate
that combinations of Tersan 1991
with a protectant fungicide such as
Tersan 75, Fore, or Daconil 2787
gave better control of Fusarium
blight than Tersan 1991 alone.
Because early symptoms of
Fusarium blight are easily confused
.with those of other conditions, for
example insect injury, dog urine,
drought, etc., the disease must be
correctly diagnosed as Fusarium
blight before purchasing and applying a fungicide.
The systemic fungicides should be
drenched into the soil with at least 1
inch (2.5 cm) of water immediately
after application. If a large area is
blighted, it should be treated in
smaller sections, drenching each
section immediately after treatment.
Where isolated areas of blighted
grass occur, the homeowner should
treat only those areas affected,
overlapping a few feet onto adjacent
unaffected turf.
If Fusarium blight occurs in midsummer, corrective measures must
be taken to lessen damage to the
turf. In some years Fusarium blight
may not occur until late August or
early September, thus, the use of a
systemic fungicide at this late date
may not be necessary since the
cooler nights and days of September
will restrict blight development.
However, continued dependency on
chemicals for control is costly, so we
cannot over emphasize the benefits
of managing the disease with the right
cultural practices to minimize stress
on the grass plant. Even the repeated
use of chemicals will not be highly
effective on a poorly managed turf.
The list of fungicides in Table 2
represents the best information
available. No criticism is intended of
fungicides not I isted, nor endorsement given to those I isted by the
University of Nebraska. Before purchasing and using any pesticide,
read and follow all label directions.D
E. WATKINS is extension plant
pathologist; R. C. SHEARMAN is extension turf
horticulturist; TERRY P. RIORDAN is associate
professor of Horticulture.
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Composting Can Benefit
Nebraska Communities
By Leon Chesnin
Years ago, waste disposal was a
much simpler matter. Household
garbage was brought to private
dumping sites or simply fed to the
pigs. Sewage wastes were handled
by the community treatment plant
and often discharged into streams.
The outdoor "privy" collected
human wastes in places where there
were only a few people. We've
come a long way.
Today, we have licensed landfills
where garbage, building rubble,
leaves, grass clippings, sawdust,
slaughterhouse waste (the stomach
contents of cattle, called "paunch
manure"), and sewage sludge (the
solid wastes in sewage) are buried.
At a private landfill, it can cost up
to $25 a ton to dump these wastes.
Inc ity-owned Iandfi II s, the actual
costs may even be higher.
Few Nebraskans have any idea
how large the waste disposal problems in their communities are.
Neither do they know the full impact
of these problems on their taxes. According to the Nebraska Department
of Environmental Control, Nebraska's share of the $4.2 billion in federal money from the U.S. Environmental Protection Agency, is $22.8
million. This money is for developing waste water treatment facilities
in 1979-1980.

In order to obtain the $22.8 million, Nebraska state taxes must generate $3.8 million. Nebraska towns
and cities will have to match this
amount of money to pay for the
waste treatment facilities.
Where disposal is concerned, the
adage "out of sight, out of mind" is
not true. Burying organic wastes is
not compatible with the natural
scheme of things. Explosive methane
gas may be produced in the
anaerobic (airless) environment of
landfills. Many cases of surface and
ground water contamination have
occurred from landfill runoff or from
leaching by rain, because sewage or
paunch manure wastes were present.
There also are serious drawbacks
to directly applying filtered sewage
sludge, sewage sludge slurry and
paunch manure to soil used for
growing crops. It can only be
applied during a few weeks in the
spring before soil preparation, or
after crops are harvested in the
summer or fall. During periods that
do not permit land application of
wastes, these materials cannot be
stored for future use. Sewage sludge
contains disease organisms and produces strong odors that attract flies
which use it as a breeding site.
Sludges also contain live seeds of
(Continued on next page)
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Composting ...
tomatoes and other edible plants
that pass intact through the human
digestive system. These become a
sizable weed population when
sludges are applied to soils.
When sewage sludge is composted before soil application, however, disease-causing organisms and
weed seeds are destroyed.
A number of Nebraska communities are following the recommendation of the University of
Nebraska-Lincoln's Waste Management and Recycling program,
and they are composting their own
sewage wastes. These communities
include Grand Island, Falls City,
Kearney and Beatrice. Gibbon, Auburn and Hastings are planning to
initiate sewage sludge composting
programs. Lincoln and Omaha are
considering composting sewage
sludge.
.
Composting results In a marked
reduction in the sludge moisture
content masS and volume. Composting'is the controlled aerobic,
thermophilic (heat loving and
generating) microbiological processing and enrichment of solid organic raw materials. These include
sewage sludge, paunch manure,
animal manures, plant residues or
their mixtureS. These materials have
been converted into a valuable resource for soil improvement and
plant growth.
The composted waste resource
has no odor, is not an attractive site
for insects or birds, or a source of
weeds. Compost can be stored for
long periods of time until applied to
the soil. Composted sewage sludge
is easier and cheaper to apply to
soils than the original waste. Composted sewage sludge has about 20
percent moisture and can be applied
by a pull-type broadcast solid fertilizer or lime spreader.
Filtered sewage sludge on the
other hand, usually has about 90
percent moisture. As a slurry, the
sludge may only have from 3 to 8
percent solids. It is very expensive to
haul large amounts of water to a
field. It is also expensive to apply
unfiltered sewage sludge slurry or
filtered sludge to the soil using injection equipment. This is because
of the high costs of application
26

equipment and operation.

Composting Dewatered (filtered)
Sewage Sludge
Dewatered or filtered sewage
sludge ranges in moisture content
from 70 to 90 percent, depending on
the coagulation resins used, sewage
treatment plant design and operation
procedures followed. Most plants
probably produce 90 percent moisture sludge than produce drier
sludge. It has an unpleasant odor
that attracts flies. Paper products
have to be added to the waste to
make it manageable for landfilling.
Operators often have shortages of
paper products needed to absorb the
sludge moisture. Rainy days aggravate the problem of burying an already unmanageable waste.
In the environment of the landfill,
this organic sludge has the nutrient
and microbial ingredients needed to
contaminate the surface or ground
water resources of the area. Sludge
can break down into flammable or
explosive methane. A landfill near
Denver, for example, was the recent
scene of a methane explosion.
Composting dewatered sludge requires a means of getting air (containing oxygen) into the mass. Wood
or bark chips have served as a bulking agent for sludge to permit air infiltration. A combination bulking
and drying agent allows air into
sludge and reduces its moisture
content. The thermophilic microorganisms that are already present in
sludge use the nutrients there for
their physiological activities at an
optimum rate, if there is sufficient
oxygen and water present. If the
bulking and absorbent agent contains cellulose, it is a source of energy for the fungi, bacteria and actinomycetes that break down the
sludge components.
The absorbent nature of a bulking
material serves another important
role in the composting process. The
strong, unpleasant odorous compounds in sewage sludge are in the
water phase of the material. If an absorbent is mixed with sludge, so the
final moisture content is 60 percent,
the excess water is absorbed. The
tension holding the water and odorous compounds is strong enough to
suppress all odor from the sludge-

absorbent mixture.
Wood chips and shredded bark
have been used as a bulking agent
for composting sludge in the standing pile method with and without
forced air through ducts. While the
chips ahd bark are bulking agents
and proVide voids in the sludge mass
for air to penetrate, these agents do
not absorb water or suppress the initialodor.
A nunnber of bulking agents have
been used by the author to compost
dewatered sewage sludge from Fremont and Falls City. These include
crop residues (old hay, graSS, straw,
stalks and corn cobs), sawdust, and
feedlot manure (including some
hay). The material used was relatively dry compared to the sludge.
The author has used the system of
windrow composting in the UNL
Agrononny Department's program of
Waste Management and Recycling
established at the Mead Field Laboratory with cooperation of the farm
operations staff. In windrow composting, the organic raw materials
are th?roughly mixed, aerated, and
deposited in a long pile, approximately 5 feet (150 cm) high, with a
pointed top sloping to a base about 8
feet (240 cm) wide. The slope prevents rain from accumulating or
forming a pond on the surface. This
tent-like configuration allows sufficient air to penetrate the organic
mass to provide the oxygen needs of
the activated thermophilic organisms. Within a short time, an increase in temperature is observed.
The temperature at the center of the
compost pile will reach about 150°F
(65°C). Pasteurization kills disease
organisms at 140-155°F (60-68°C).
At Falls City, all the fecal coliform
and salmonella disease organisms in
sewage sludge were killed in four
weeks of composting. The temperature reached by the compost pile is
not uniform. It tends to be hottest at
the center and cooler at the surface
and top of the pile. There is also a
tendency for a cooler area to develop at first in approximately a 1
foot (30 cm) semicircle at the center
bottom of the pile through its length.
This lower temperature is because of
a limiting supply of oxygen which
reduces the activity and heat generation of the microorganisms.

At fi rst, the cooler areas of the
co mpost pile may permit disease orga nisms to survive in these areas .
However, periodic mixing, aeratin g
and re-forming the compost windrow places the disease organisms
in the hotter areas of pasteurization .
The mixing of the compost also tempora rily cools the mass. Any resista nt spore-forming organisms will
then germinate and be killed when
the temperature rises to the pasteurizat ion range. Seeds such as tomatoes and c ucumbers, found in
slu dge, are also killed by the cycling
temperature of the compost pile.
Du ring the warm summer months,
co mposting can be accomplished in
4 to 6 weeks. In the cooler spring
and fall months the time required for
co mposting will be 6 to B weeks . As
co mposting is completed , the temperat ure of the compost windrow
wi ll gradually fall and will not in c rease after aeration .
Co mposting of slurry or filtered
sewage sludge can be done during
the winter in Nebraska. The limiting
facto r is the initi al temperature of the
wind row . Microorganisms will be
active above 40° F (5°C). Sewage
sludge generally run s from 50° F
(10°C) to above 70°F (21°C) dependi ng on th e techniques being
used. Procedures can be devised to
conserve this heat and stimulate the
act ivity of the composting organ isms. A compost pile started in
October at Fall s City mea sured
100°F (3BOC) at the end of the following M arc h.
Anot her examp le is th e winter
(Continued on next page)

The darker colored piles in the compost windrows (above) are older than the lighter
ones. Sewage sludge slurry is loaded with
sawdust into a feed mix wagon (right).

Sewage sludge slurry and sawdust are mixed in a feed wagon (above), and unloaded (below)
after four minutes of mixing in the feed wagon.
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Composting ...
composting of Beatrice dewatered
sewage sludge. Two months after
starting the compost pile the temperature was 131°F (55°C). For 48
days of the composting period, the
air temperature at Beatrice was well
below freezing and reached -12°F
(-241 C).
Winter composting can be carried
on anywhere in Nebraska. However,
it is important to reduce heat loss
from the windrow by making it
larger. Compost piles should not be
turned during the winter to maintain
the temperatures generated in the
biological process. The temperatures
will reach pasteurization levels
when warm spring weather returns.
This composting is a workable alternative to sludge injection in soils,
which cannot be done during Nebraska winters.
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Composting Sewage Sludge Slurry

Sewage sludge slurries range in
solids from 3 to 10 percent, depending on the sewage treatment
plant design and operation procedures. At Falls City, the author combined mixtures of untreated primary
sludge slurries (4 to 10 percent solids) and sawdust, for windrow composting. The mixtures with 60 percent moisture were €ompletely odor
free and did not attract flies. When
the moisture content of the sludge
slurry-sawdust mixture was 70 percent, the mass had the strong, unpleasant odor of the sewage waste.
Reducing the moisture content to 60
percent using additional sawdust
eliminated the odor. Larger amounts
of sawdust are required to absorb the
additional water in sludge slurries as
compared with sawdust-dewatered
sludge mixtures.
There is less nitrogen arid other
essential nutrients in the slurrysawdust mixture than in the dewatered sludge-sawdust mixture. The
smaller nutrient supply limited the
activity of the slurry microbes as indicated by a slower increase in the
compost temperatures. The level of
activity of a sawdust-sludge slurry
compost windrow can be increased
by adding slurry to the compost pile
after a substantial reduction in
moisture has occurred. With the
higher nutrient content, the recon28

stituted compost mixture will generate higher temperatures than the
original pile and have a higher final
nitrogen content. Adding sludge
slurry to an active compost pile can
be repeated as long as sawdust is
present, and the moisture content
does not exceed 60 percent.
For communities, composting
sewage sludge represents a much
greater opportunity than just recycling an organic resource to improve agricultural soils. By following
a composting program, a community saves the high costs involved in
landfill disposal. If a landfill is
owned and operated by the municipality, a composting program prolongs the "life" of the landfill and
greatly reduces the necessity of
periodically purchasing higher
priced land for new landfill sites. No
one wants to be the neighbor of a
landfill operation.
Another sizable annual savings
occurs if composting can be done
close to the waste treatment plant.
This saves the cost of hauling sludge
to the landfill site.

Composting untreated primary
sewage sludge slurry eliminates the
high costs of coagulant resins, treatment and filtration.
These savings, plus the elimination of costly plant expansions, are
in tax dollars. Recycling composted
sewage sludge in agricultural soils
will contribute to more efficient crop
production and reduce the energy
needs for fertilizer manufacturing.
High rates of application of compost to agricultural soils have resulted in increased water infiltration
rates and reduced density of the soil.
These benefits will reduce the fuel
requirements for tillage and irrigation, and will reduce rainfall runoff.
Runoff is the major contributor to
floods which drain tax dollars.
Runoff also contributes sediment to
water. The sediment contaminates
the water and accumulates at dams,
thus decreasing their life and effectiveness for storing water and preventing floods.D
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